Background: The purposes of the study were to test the factor structure of the models of functional fitness for older adults, in which the latent factor flexibility represents scores in chair sit-and-reach and back scratch, and the latent factor Physical Power represents scores in chair stand, arm curl, 8-foot up-and-go, and 2-minute step. Correlates of the latent factors including age, sex, and physical activity level were also investigated. Methods: Functional fitness tests were administered to 94 older adults (age: 73.61 AE 5.77 years). Demographic data were collected and physical activity level was measured by using the Physical Activity Scale for Elderly (PASE). The structural equation modeling technique was used to investigate the factor structure of flexibility model and physical power model as well as the contribution of the correlates. Results: The goodness-of-fit indices were excellent for the flexibility model (c 2 -square ¼ 4.725, df ¼ 5, p ¼ 0.451, comparative fit index [CFI] ¼ 1.00, Root mean square error of approximation [RMSEA] ¼ 0.001, standardized root mean square of residuals [SRMR] ¼ 0.0646) and physical power model (c 2square ¼ 17.962, df ¼ 14, p ¼ 0.209, CFI ¼ 0.981, RMSEA ¼ 0.055, SRMR ¼ 0.0651). Age and sex were significant predictors to flexibility and physical power (p < 0.05). Physical activity level was a significant predictor of flexibility (p < 0.05). Conclusion: Flexibility and physical power decline with advanced age. Males have higher physical power, and females have better flexibility. A higher level of physical activity, as measured by PASE, relates to better flexibility but not physical power.
Introduction
Taiwan is an aging society. The population of adults age 65 years and older reached 2,457,000 in 2009, which accounts for 10.63% of the total population 1 . It is expected that the older population in Taiwan will exceed 14% by 2017, and 25% by 2025 2 . With the increase in the older population, functional fitness is an important issue related to quality of life for older adults. According to the Functional Ability Framework by Rikli and Jones 3 , functional limitation results from physical impairment, and leads to reduced ability or disability. Aging accompanies loss of bodily function and inactivity, which would exacerbate the quality of life for older adults.
Testing functional fitness is a way to detect functional limitation before disability occurs. Many different tests were designed for older adults 3, 4 . One of the widely used 5e10 test batteries is designed by Rikli and Jones 3 , which includes the 30-second chair stand (lower body strength), arm curl (upper body strength), chair sitand-reach (lower body flexibility), back scratch (upper flexibility), 6-minute walk (aerobic endurance), 2-minute step (aerobic endurance, alternative of 6-minute walk) and 8-foot up-and-go (power, speed, agility, and dynamic balance).
Although the tests in the test battery were designed to evaluate different aspects of functional fitness, they can be represented by several latent factors. Based on the physiologic characteristics and correlation among the six tests, Konopack et al 11 proposed two latent factor models including the flexibility model, which represented chair sit-and-reach and back scratch (c 2 ¼ 0.80, df ¼ 2, p ¼ 0.67, SRMR ¼ 0.01, CFI ¼ 1.00), and physical power model, which represented 30-second chair stand, arm curl, 8-foot up-and-q All contributing authors declare no conflicts of interest. go and VO 2max (c 2 ¼ 0.31.73, df ¼ 11, p < 0.001, SRMR ¼ 0.05, CFI ¼ 0.90). With the structural equation modeling technique, Konopack et al 11 also found that age, sex, and exercise self-efficacy were significant correlates of physical power, and sex was a significant correlate of flexibility.
The success in identifying the factor structures of the functional fitness battery for older adults leads to several in-depth questions. First, Konopack et al 11 used VO 2max as the measurement of aerobic capacity, which is different from the aerobic tests (6-minute walk and 2-minute step tests) in the test battery of Rikli and Jones 3 . Whether the factor structure fits the scores from 6-minute walk or 2-minute step tests is not known. Second, Konopack et al 11 stated that the individuals in the study were rather homogeneous, and therefore more information is needed for a more diverse population in terms of ethnicity and education. In addition, the individuals in the study by Konopack et al 11 were sedentary; whether the factor structures fit more active older adults is not known.
In response to these questions, the purposes of the current study were to re-investigate the factor structures proposed by Konopack et al 11 using a different ethnic group, with different levels of physical activity and using exclusively the functional fitness test battery designed by Rikli and Jones 3 . In addition, instead of measuring exercise self-efficacy, levels of physical activity were used as one of the three predictors of the two latent factors of functional fitness. The reason to use level of physical activity is that instead of assuming physical impairment as a result of disease and pathology, lifestyle and inactivity were also found to be responsible for physical impairment 12, 13 . Thus, it is plausible to involve levels of physical activity in the models as a predictor of functional fitness. It was hypothesized that the factor structure of the flexibility model and physical power model would fit the older adults in Taiwan. It was also hypothesized that age, sex, and physical activity level would be significant predictors of performance in functional fitness.
Methods

Patients
A convenient sample of 94 older adults recruited from indoor or outdoor facilities such as a public park or community center (female n ¼ 52, age: 72.96 AE 6.01 years; male, n ¼ 42, age: 74.40 AE 5.43 years) participated in the current study. Although there is no gold standard in determining adequate sample size in structural equation models, researchers had proposed several practical rules, including five observations per measured variable 14 or 10 observations per measured variable 15e17 . Others proposed a 5:1 ratio 18 or 10:1 ratio 19 of sample size to free parameters. According to the aforementioned rules, adequate sample size should be 25e100 or more for flexibility model and 35e140 or more for physical power model. Thus, the sample size of the current study was relatively small but adequate 20 . The patients were required to be able to answer the questionnaire (Physical Activity Scale for Elderly; PASE 3 ) either on paper or verbally. Patients who had physical conditions that would increase the risk of participating in physical activity were not included in the study for safety concerns. Approval from the institutional review board (IRB) of Chinese Culture University was obtained and all patients signed informed consent before participating in the study.
Measurement
Demographic information including age, sex, height, and weight were collected before the tests. Six functional fitness tests including the 30-second chair stand, arm curl, chair sit-and-reach, back scratch, 2-minute step, and 8-foot up-and-go were carried out. Details of functional fitness tests can be found in the study by Rikli and Jones 21 . Levels of physical activity were measuring by PASE 3 . A Chinese version of PASE 22 was used because of the language preference of the patients. Concurrent validity and testeretest reliability of the PASE Chinese version had been evaluated, and the scores obtained from PASE were significantly correlated with cardiovascular endurance. The testeretest reliability was satisfactory over a 3-week period 22 .
Statistical analysis
Two stages of statistical analyses were carried out for each of the two models as proposed by Konopack et al 11 . The first stage was to confirm the factor structure of the models, in which the latent factor Flexibility represented the scores in chair sit-and-reach and back scratch, and the latent factor physical power represented the chair stand, arm curl, 8-foot up-and-go, and 2-minute Step. The second stage was to investigate the contribution of age, sex, and physical activity level to flexibility and physical power ( Figs. 1 and  2) . Sex, as categorical data, was dummy coded with male being 1 and female being 0. Scores for 8-foot up-and-go were recalculated by subtracting the time of completion in seconds from 20 in order to make the direction of the scores consistent with other tests so that higher scores represent better performance 11 . Structural equation modeling with SPSS AMOS 19 software (IBM) was used to perform the analyses.
Several goodness-of-fit indices were used to test the models. Chi-square was used to test the fit of the models to the data 23 , with a nonsignificant chi-square indicating good fit. Root mean square error of approximation (RMSEA), as stated by Browne and Cudeck 24 , measures "how well the model, with unknown but optimally chosen parameter values, fit the population covariance matrix if it were available" 24 . RMSEA values less than 0.05 represents good fit, 0.05e0.08 indicates reasonable fit, 0.08e0.10 indicates mediocre fit, and greater than 0.10 indicates poor fit 25 . The comparative fit index (CFI) is derived from the comparison between the hypothesized model and independence model, with CFI greater than 0.90 indicating good fit 26 . Standardized root mean square of residuals (SRMR) represents the average value of the standardized residual, which ranges from 0 to 1, with values less than 0.05 indicating a good fit 27 . When using the goodness-of-fit indices in combination, Hu and Bentler 28 suggested the criteria of CFI approximates of greater than 0.95, SRMR less than 0.08, and RMSEA less than 0.06 being of good fit. 
Results
Descriptive statistics
Mean and standard deviations for all measured variables are shown in Table 1 .
Factor structures of the latent factors
Flexibility
The flexibility model ( Fig. 1) revealed good fit (c 2square ¼ 4.725, df ¼ 5, p ¼ 0.451, CFI ¼ 1.00, RMSEA ¼ 0.001, SRMS ¼ 0.0646) with the standardized coefficient ranging from e 0.41 to 0.58. All three predictor variables (age, sex, and physical activity) were significant predictors to flexibility (p < 0.05). Age, sex, and physical activity accounted for 49.3% of the variation of flexibility.
Physical power
The physical power model (Fig. 2) revealed good fit (c 2square ¼ 17.962, df ¼ 14, p ¼ 0.209, CFI ¼ 0.981, RMSEA ¼ 0.055, SRMR ¼ 0.0651) with the standardized coefficient ranging from À0.57 to 0.89. Among the three predictor variables, only age and sex were significant predictors of physical power (p < 0.05). Physical activity level was not a significant predictor of physical power (p ¼ 0.114). Age, sex, and physical activity accounted for 39.0% of the variation in physical power.
Discussion
There were two purposes for the current study. The first was to test the factor structure of functional fitness for older adults as proposed by Konopack et al 11 , in which the functional fitness tests were the function of two independent latent factors. The second was to investigate the predictors of functional fitness including age, sex, and levels of physical activity.
In the model of flexibility, the latent factor flexibility well represented the testing scores in back scratch and chair sit-and-reach. Sex was found to be a significant predictor of flexibility, with females having significantly better flexibility than males. This confirmed the findings of Konopack et al 11 .
Age was a significant predictor to flexibility (p < 0.05), which was consistent with the finding in the study of Rikli and Jones 29 . Rikli and Jones 29 indicated a significant decline in the performance of chair sit-and-reach and back scratch from age 60 to 94 years in both sexes. It is noticeable that Konopack et al 11 found that age was not a significant predictor of flexibility, and the result was consistent with the finding of Roach and Miles 30 . A possible explanation to the inconsistencies between the current study and the findings of Konopack et al 11 and Roach and Miles 30 was the age difference in the patients, because the mean and range of the age of the patients in both of these studies seemed to be lower than the current study and the study by Rikli and Jones 29 .
Self-efficacy was not assessed in the current study. Instead, the levels of physical activity were evaluated by PASE 21 . The level of physical activity was a significant predictor of flexibility. A higher level of physical activity related to better flexibility. It is well known that increased flexibility and range of motion are the benefits of regular exercise 31 . Although PASE measures the overall level of physical activity, not exercise programs designed specifically to improve flexibility, older adults who engage in higher levels of physical activity have a better chance to move their limbs with a larger range of motion, which would be beneficial in terms of maintaining or improving flexibility.
Although the goodness-of-fit of factor structure of physical power in the study by Konopack et al 11 was only acceptable, our data showed an excellent fit. The latent factor physical power well represented the four functional fitness tests, including the 30second chair stand, arm curl, 2-minute step, and 8-foot up-andgo. Age and sex were significant predictors of physical power, which is consistent with the findings of Konopack et al 11 and Rikli and Jones 29 . The results indicate that physical power declines with advanced age, and men have higher physical power than women.
To our surprise, physical activity level was not a significant predictor of physical power. A possible explanation is that the PASE measures the overall level of physical activity. Although different weights were used for physical activities with different intensities in PASE when calculating physical activity level, the result does not specify the intensity. It is known that to improve fitness, moderate to vigorous cardiovascular exercise as well as resistance training are needed 32 . In PASE, however, the same score could be derived from a lower volume of higher intensity activity or higher volume of lower intensity activity. The lack of indication of exercise intensity in PASE might contribute to the insignificance of physical activity as a predictor of physical power.
Although the purpose of the study was to confirm the factor structure of functional fitness tests for older adults as proposed by Konopack et al 11 , there is another more parsimonious way to test the factor structure. Because the source variables of age, sex, and physical activity level were identical for the unrelated latent factors physical power and flexibility, the two independent models can be combined as one (Fig. 3) . With our data, the goodness-of-fit of the combined model was not desirable (c 2 -square ¼ 44.21, df ¼ 24, p ¼ 0.007, CFI ¼ 0.919, RMSEA ¼ 0.095, SRMR ¼ 0.101). Physical power was a significant predictor of 30-second chair stand, arm curl, 2-minute step, and 8-foot up-and-go, and flexibility was a significant predictor of back scratch and chair sit-and-reach. Age, sex, and physical activity level were significant predictors of physical power and flexibility except that physical activity level was not a significant predictor of physical power. The result is similar to the two separate models as proposed by Konopack et al 11 . The result of the combined model, however, should not be viewed as discouraging because the sample size was smaller than the minimum requirement 20 . Hu and Bentler indicated that when the sample size is less than 250, most of the combination of goodnessof-fit indices tends to overreject 28 . It is suggested that a larger sample size can be used to reinvestigate the factor structure of the combined model in future studies. The current study confirmed the factor structure of the models proposed by Konopack et al 11 and provided evidence about the relationship between the correlates such as age, sex, and physical activity levels and the latent factor of functional fitness. It is suggested that the intensity of physical activity should be measured to determine the relationship between physical activity level and physical power. It is also suggested that future studies could focus on the effect of functional fitness on psychologic factors such as affective states, self-esteem, and quality of life using these latent factor models. It is suggested that increasing physical activity level may help maintain or improve flexibility; however, higher intensity or more specific exercises may be needed to improve muscular strength and cardiovascular fitness.
